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ABSTRACT: Two structurally different plasticizers (cyclic and linear) and the effect of cryogenic grinding on the solidification behavior

at high cooling rates by a continuous cooling transformation approach of poly(butylene terephthalate)/poly(ethylene terephthalate),

PBT/PET, blends are described. The solidification curve (density versus cooling rate) is confirmed as an effective tool to compare the

differences in crystallization behavior under conditions mimicking processing. In comparison to the bulky cyclic plasticizer, the linear

oligomeric one was found to have a more pronounced influence on the crystallization behavior. A 60/40 by weight PBT/PET blend

shows a drop-off of density at �50 K/s. In the plasticized sample, the long-range crystalline order appears up to a cooling rate of

�250K/s, making the blend comparable to pure PBT. Grinding the components before blending further improves crystallizability and

synergy to the addition of the plasticizer. The results suggest the important role of local chain mobility in the solidification behavior

at high cooling rates. VC 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2016, 133, 43083.
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INTRODUCTION

In recent years, crystalline/crystalline polymer blends have

received significant attention because of their commercial

importance and because blending such polymers offers an effec-

tive route to widen the range of morphological patterns and to

create novel structure–property relationships.1–3 There are only

a few polymer blend systems of two individually crystallisable

components with complete miscibility in the melt. One such

system is poly(butylene terephthalate)/poly(ethylene terephtha-

late) (PBT/PET), which is more widely studied because of its

commercial importance.4–11 PET is a comparatively cheap, com-

mercially relevant synthetic engineering thermoplastic, but its

crystallization rate is too low to permit reasonable cycle times

for injection molding. The PET on blending with PBT will give

the processing advantages of PBT, maintain the transparency,

retain the basic polyester properties, and find applications in

automotive, electrical/electronic, appliances, packaging and in

industrial equipment.12,13

The miscibility behavior of the blend is crucial for understand-

ing and tailoring the properties relevant for practical applica-

tion, and the PBT/PET blend system is a good example of

intermolecular interactions becoming the key for amorphous

phase miscibility.4,5 Further complications in the solidification

of the PBT/PET blend arise from the possibility that interchange

reactions take place between the two constituents, affecting the

primary structure of the chain and their crystallizing ability.

The miscibility in these polymers, which is improved by the for-

mation of copolymers resulting from intermolecular exchange

reactions, has, however, a negative effect on the crystallization.

As the interchange reaction proceeds, the blend initially converts

to a block copolymer and then finally to a random copolymer

that does not crystallize.14–16 The crystallization process itself is

a very sensitive probe of such randomization processes, causing

them to be relevant even when NMR methods do not have

enough sensitivity for their probing.17,18

This work is part of a larger campaign aiming to study the pres-

ence of plasticizers and other procedures to improve crystalliza-

tion behavior and is especially focused on polyesters and their

blends at high cooling rates, that is, those mimicking the solidi-

fication conditions experienced in processing.19 The objective of

the work is to provide more insights into the complex crystalli-

zation process that takes place, especially within the timescale

experienced in actual processing.20 The blend studied uses PBT

and PET in a composition equal to a commercial one (60/40 w/

w), which has been shown to optimize the crystallization behav-

ior at high cooling rates by using a large proportion of PBT.11
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It is well known that the PBT/PET system shows amorphous

miscibility. Co-crystallization is excluded, at least in the domain

of mild cooling conditions, because of the mismatch in their

unit cells, and it exhibits the usual melting endotherms of the

two components.5,21–24 In this context and assuming the

absence of transesterification reactions, Stocco et al. suggested

that a preliminary stage of segregation and phase separation

(demixing) must occur prior to the onset of separate crystalline

units.11 This mechanism was proposed by comparing the solidi-

fication curve of the blend to the ideal behavior model, that is,

under the hypothesis of volume additivity, with the result that

the overall rate of crystallization of a PBT/PET blend is a mea-

sure of the kinetics of this demixing step.11 A recent work on

the influence of plasticizers on PET and PBT suggests the

importance of local mobility on polymer solidification, espe-

cially at higher cooling rates.25 It is found that the plasticizer

used has a significant effect on the solidification behavior of

PET but not on PBT, making PET crystallize faster. The authors

suggested that the different behavior of PET and PBT in the

presence of a plasticizer must come from them being “stiffer”

and “softer” chain polymers, respectively. In this paper the

PBT/PET blends, both plasticized and unplasticized, were pre-

pared to understand the role of the particular plasticizer intro-

duced and the mixing conditions. For this purpose, one set was

a melt blended with pellets and the other with pulverized com-

ponents. The solidification curves of the individual components,

their blends, and the plasticized ones are compared.

EXPERIMENTAL

The PET, identified in this work as PET01, is supplied by DSM

Engineering Plastics, (Geleen, Netherlands) and has an intrinsic

viscosity of 0.62 dl/g in a phenol/tetrachloroethane (60/40) solu-

tion at 308C.

The PBT, identified in this work as PBT02, is also supplied by

DSM Engineering Plastics and has an intrinsic viscosity of 0.85

dl/g in a phenol/tetrachloroethane (60/40) solution at 308C.

The plasticizers used in this work, both soluble with the poly-

mers used, are poly(ethylene glycol) dimethyl ether (PEGDME)

[P], an oligomer supplied by Sigma Aldrich (Missouri, United

States) (Milan, Italy) with a number-average molecular weight of

Mn � 1,000, and dioctyl phthalate (DOP) [D] of molecular

weight 390.56 g, having a bulky structure with respect to

PEGDME. Both are known to be mutually miscible in the melt

state with the polymers studied.26–28

Solid CO2–assisted grinding of PBT and PET is done before

melt blending to a size below 0.1 mm to improve dispersion of

the individual moieties. The intrinsic viscosity measurements

were carried out to confirm that the pulverization process was

not accompanied by any molecular weight change, which could

otherwise take place for softer materials.29 It is worth mention-

ing that the cryomilled PET has good heat stability in the

reheating process, and the serviceability temperature is signifi-

cantly improved.30 All of the blends have been melt-mixed in a

Brabender Messtechnik GmbH (Duisburg, Germany) mixer

(Duisburg, Germany) under a nitrogen blanket at a temperature

of 2608C for a mixing time of 4 min and at 50 rpm. The poly-

mers melt-mixed for the study are shown in Table I.

The continuous cooling transformation (CCT) approach and

the quenching apparatus setup is described elsewhere.19 Thin

films of 150–200 mm thickness for the quenching experiments

were prepared with the help of a hydraulic press by taking an

appropriate sample weight and applying a pressure of about 10

MPa. The temperature and holding time were chosen to mini-

mize the trans-esterification reactions. From the thin films, sam-

ples of approximately 20320 mm are cut and wrapped carefully

inside aluminum foil. The sample assembly, having a very short

thermal response time, is then introduced into the heating

zone, heated up to 2608C for 3 min. to remove the thermal his-

tory and optimized to minimize transesterification reactions,11

and then quenched immediately. The effective cooling rate iden-

tifying the samples, spanning a range from those obtained by

differential scanning calorimetry (DSC) (0.01 to a few K/s) to

cooling rates in excess of 1000 K/s, typical of the processing

conditions, is measured at 1508C for PBT and PBT/PET blends

and at 1708C for PET, corresponding to the temperature at

which the maximum kinetic constant is observed when plotted

versus temperature.31 The choice of these temperatures provides

a good superposition of the density versus cooling rate data for

the DSC and the rapid cooling method of solidification in the

domain where both methods can be adopted.32 Samples are

then stored at 2108C to prevent aging. The solidified samples

obtained were structurally homogeneous across their thickness

and surface width and can be analyzed by macroscopic methods

like density, wide-angle X-ray diffraction (WAXD), and so on.19

The density measurements are carried out in a gradient column

filled with a mixture of carbon tetrachloride and n-heptane

according to the ASTM D1505 standard test method. The col-

umn is calibrated by means of glass beads of known density.

The reliability of the results depends on the column prepara-

tion, and the gradient should be constant throughout the col-

umn. The samples were cut into small pieces, checked for air

bubbles by microscope, and degassed under vacuum before

being introduced into the gradient column. For each cooling

rate, at least three samples are introduced into the column to

avoid error propagation. The measurements are taken at 68C,

and the density data are reported at this temperature. The

Table I. Polymer Samples Melt-Mixed for the Study

Samples Materials

RW00 PBT/PET (60/40 w/w), pellets

GR00 PBT/PET (60/40 w/w), ground

RW5P PBT/PET (60/40 w/w), pellets 1

5 wt % [P] plasticizer

GR5P PBT/PET (60/40 w/w), ground 1

5 wt % [P] plasticizer

GR1P PBT/PET (60/40 w/w), ground 1

1 wt % [P] plasticizer

GR1D PBT/PET (60/40 w/w), ground 1

1 wt % [D] plasticizer

GR5D PBT/PET (60/40 w/w), ground 1

5 wt % [D] plasticizer
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resolution of the density column was 0.0001 kg/L, and repeat-

ability within 60.0002 kg/L was obtained.

The WAXD scans were done in a Bruker Advance D8 X-ray

instrument (Massachusetts, USA) (Bruker Italy S.r.l. Milano,

Italy) with CuKa-Ni filtered radiation with a wavelength of

0.154 nm within the 2h range 12 to 278 with a step of 20 s and a

resolution of 0.058 in 2h.

DSC data are collected with a power compensation type DSC 7

from Perkin-Elmer (Massachusetts, USA) (Milano, Italy). The

instrument is operated in conjunction with liquid nitrogen bath

(since the heating was done from 240). Approximately 6–8 mg

samples are taken in a 20-mL aluminum pan and the scanning

performed at a rate of 20 K min21 on heating and 10 K min21

on cooling. The heating is carried out from 240 to 2808C.

The dynamic mechanical thermal analysis (DMTA) was per-

formed using a Rheometrics (TA Instruments New Castle, UK)

DMTA V (New Jersey, USA) instrument. The heating profile

was from 220 to 1308C at a rate of 2 K/min, at a frequency of

10 Hz, under a constant strain amplitude of 0.1%, the mini-

mum for a repeatable result at above the glass-transition tem-

perature (Tg), that is, for a sufficient signal-to-noise ratio (S/N)

of the stress signal when the modulus drops above the Tg.

RESULTS

Solidification Curves and WAXD Observations: Influence of

Plasticizer

The solidification curves of PET, PBT, PBT/PET blend, and the

blend with 5 wt % of two different plasticizers are shown in

Figure 1, where, being the density span of PET, much larger

than the PBT and the blends, the data for PET must be read on

the right-hand axis. Although the spread of the data, purposely

not smoothed to highlight uncertainties, may complicate the

interpretation, the trends of the density dependence with cool-

ing rate of all the compositions studied in this work are clearly

outlined. Common features of this data, already described in

previous work, can be summarized as follows. There is a con-

stant descent in the density with a slow pace from low cooling

rates where crystalline phases are observed; with an increasing

cooling rate, the WAXD patterns, shown in Figure 3, broaden,

pointing to a larger disorder and lower crystallite size. A break

in the density decrease is observed in a narrow cooling-rate range

where stable crystalline phases disappear, and the density sud-

denly drops. Finally, a lower-density plateau is observed where

the WAXD pattern suggests no more crystalline phase to be pres-

ent except for very small nanocrystals,33 which significantly affects

aging, mechanical properties, and crystallization from the glass.34

The PET exhibits a larger density span of 1.405 g/cm3 to

1.335 g/cm3 when plotted as a function of cooling rate than

that for PBT, which is from 1.33 g/cm3 to 1.29 g/cm3.35 The

PBT/PET blend shows a density range of 1.35 g/cm3 to 1.30 g/

cm3, closer to PBT. From Figure 1 it is evident that the PET is

a slowly crystallizing material with a density drop at a cooling

rate of �2 K/s and PBT at a higher cooling rate of �300 K/s.

The faster crystallizing ability makes the PBT polymer amenable

to processing methods like injection molding. On blending PBT

with PET, the density drop shifts to an intermediate cooling

rate of �50 K/s, useful for faster processing techniques. As

shown in Figure 1, the crystallizing ability of the blend is fur-

ther extended by the presence of plasticizer. For the blend with

5 wt % of [P] and [D] plasticizer, the drop of density is shifted

to a higher cooling rate of �250 K/s, and the solidification

behavior becomes comparable to that of PBT. Another striking

point from the solidification curve (Figure 1) is that the effect

on crystallizability is more pronounced for the sample with the

[P] plasticizer than the [D] plasticizer. This is because the plas-

ticizers containing long aliphatic chains are more flexible and

effective than those containing bulky cyclic phthalate

groups.36–38 In [D] plasticized blends, the amorphous density,

observed at the high-cooling-rate plateau, is low compared to

those of [P] plasticized blends and is attributed to the added

free volume created by the bulky phthalate group.

In this context, it is important to point out that the effect of

plasticizer amount on the solidification of the PBT/PET blend is

quantitatively observed only for an addition of 5% w/w, while

for 1%, in Figure 2, the action is not observed to any measura-

ble extent. The data in this same figure point out the remark-

able reproducibility of the density data, which refer to samples

of different compositions that have undergone all of the succes-

sive steps for preparation (cryomilling, hot melt film,

Figure 1. Solidification curves of PBT, PET, and the blends GR00 without

and GR5P and GR5D with 5% w/w plasticizers. All density values must

be read on the left-hand axis except for PET, which is reported on the

right-hand axis.

Figure 2. Solidification curves of the blends GR00, GR1P, and GR1D.

Influence of lower plasticizer content: 1% w/w of both plasticizing agents

[D] and [P]; see text.
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solidification at the reported cooling rates) and characterization

as reported in the experimental section.

The WAXD pattern of the blend and the plasticized ones are in

accordance with the density data, making the two methods con-

sistent and leading to cross-checking of the results. The density

does not provide any information on discriminating between

the contributions of different phases, but the WAXD patterns to

an extent can reveal the distinctive phases and structural fea-

tures.39 The qualitative analysis of WAXD data from Figure 3

and Figure 4 shows that the blend displays a distinct crystalline

pattern up to a cooling rate of 50 K/s, whereas the plasticized

ones have a crystalline order even at a cooling rate of �250 K/s;

above this cooling rate the material tends to be substantially

amorphous. A more quantitative analysis of the WAXD patterns

was attempted by a deconvolution procedure,39 showing that

the results were in line with the solidification curve, and one

can reasonably assume that the drop in density is related to the

decrease in the total crystalline content when the cooling rate is

increased.11 Thus, the density drop at 50 K/s in blends and

250 K/s in the plasticized material is associated with the transi-

tion from a long-range crystalline order to a less-ordered meso-

morphic40 or amorphous phase. However, separation of the

crystalline peaks, which are related to the crystalline phases of

PET and PBT, is very difficult, due to the close positions of the

most intense peaks21,23 and to the broadening induced by

disorder in the crystalline phases and small crystal dimensions

determined by the drastic solidification conditions39 (Figure 5).

On solidification, the crystalline phase develops from a homoge-

neous melt. The amorphous miscibility of the blend, mainly

speculated from the glass-transition temperature (Tg) measure-

ments by DSC or DMTA, confirming earlier observations5

(Table II and Figure 6) once a single glass transition is observed

for all of the blends under investigation. On the other hand, it

must be mentioned that the possibility of co-crystallization is

excluded in PBT/PET blends, due to incompatible unit cells,4

and the blend shows all of the characteristic WAXD peaks for

PET and PBT (Figure 5); the more distinctly separated they are,

the smaller the cooling rate. Upon increasing the cooling rate,

however, the PET fingerprints associated with the peaks at 22.98

[(110) reflection] and 25.98 [(101) reflection] tend to disappear,

suggesting a decreasing contribution of PET to the onset of its

own crystalline phase contribution. The observation is in clear

contradiction to the larger density observed in the blend with

respect to the simple assumption that volume additivity holds25;

see Figure 7. The line in bold, identified as the “ideal model,”

was indeed calculated on the basis of

Vblend5uPBT VPBT 1uPET VPET (1)

where uI are the volume fractions and Vi (5 1/qi) the specific

volumes at each cooling rate for each individual constituent,

eventually interpolated from empirical fits at cooling rates

where that of the blend is calculated.

This observation may be explained only by the incorporation of

both PET and PBT moieties in a crystalline phase of increased

disorder, in agreement with the broadening of the WAXD

peaks.41

An accurate DSC analysis of the blend11 shows two separate

peaks for the crystallization of PBT and PET up to relatively low

cooling rates, about 60 K/min (1 K/s), comparable to the lowest

adopted in this work with the CCT procedure. The DMTA data

reported in Figure 6 confirm a single glass transition for the

moieties of PBT and PET, determined by the common amor-

phous mobile phase. Observation of the significant lowering of

the Tg of the plasticized blend with respect to the unplasticized

Figure 3. WAXD pattern of the unplasticized blend quenched at different

cooling rates.

Figure 4. WAXD patterns of the plasticized blends quenched at different

cooling rates. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

Figure 5. Comparison of the WAXD pattern of the blend GR00 and the

pure components PBT and PET. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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one is relevant to the results of Figure 6, with a small difference

due to the presence of the two plasticizers, as summarized in

Table II, where Tc is the crystallization temperature from DSC.

The difficulty of measuring the glass transition on PBT stems

from the poor S/N of the stress signal that is due to the signifi-

cant drop of sample modulus. The initial step in tan d of the

plasticized blends, close to the noisy upswing observed for PBT,

suggests their glass transition becomes closer to that of PBT, as

the Tg data of Table II confirm.

Effect of Cryogenic Grinding on the Solidification of Blends

The mixing methodology can greatly affect the properties of

polymer blends.42 The influence on the solidification behavior

of PBT/PET blends has already been suggested in a previous

work. The commercial blend showed consistently larger den-

sities than the lab-scale blend prepared from a Brabender-type

internal mixing of pelletized pure polymers.11 The effect of

grinding, before melt mixing, on the solidification curve of the

blends is shown in Figure 7, where all density values must be

read on the left-hand axis except for PET, which is reported on

the right-hand axis. The ideal model, also shown in Figure 7 by

the thicker continuous line, is obtained by Equation (1) based

on data of the pure components at the same cooling rate.11

The intermediate-cooling-rate range is the most interesting one

because moving the density drop to larger cooling rates implies

an extension of the crystallization range. First of all, a sharper

density drop is observed for the unground blend RW00 than for

the ground one (GR00). Furthermore, in GR00 the density drop

occurs at a cooling rate larger than that of the unground one,

showing that crystallization is favored in blends where grinding

of the pelletized components anticipates the melt blending, a

result of the improved dispersion obtained by the smaller particle

size, determining the homogeneity of the feed and providing bet-

ter contact among the individual components.43,44

The featureless trend observed for the unground RW00 becomes

much more interesting for the ground GR00, where one

can clearly observe two distinct density drops, one around

�10 K/s and a second one in the �50 K/s region. PET is a

slow-crystallizing material, and it is amorphous above �2 K/s.

The density data of the ground blend, GR00, upon comparison

with the solidification curve of PET, suggest that the crystalliza-

tion of PET takes place up to cooling rates of �10 K/s, followed

by a drop in density. As discussed in the following, where co-

crystallization in an extended cooling-rate range is explained, in

this intermediate cooling-rate range between 10 and 50 K/s,

being the blend density larger than the value corresponding to

the volume mixing rule (eq 1) as shown in Figure 7, must

depend on the inclusion of PET moieties in the crystalline phase,

which consequently withstands larger disorder, as the broadened

WAXD patterns of Figure 3 confirm.

The second drop in density in the ground GR00 blend is

observed around �50 K/s because above this cooling rate a den-

sity plateau is observed to be related to the disappearance of

any long-range crystalline phase, the blend becoming amor-

phous, as confirmed by the WAXD patterns of Figure 3. Such a

clear-cut, separate density drop, which can be due to a signifi-

cant decrease in the amount of PET and PBT crystallites, could

not be seen in the unground blend, RW00, where only one den-

sity drop is observed around 40 K/s. In Figure 7 the same effect

can also be seen for the blends with plasticizers, GR5P, where

the grinding is accompanied by a double density drop, similar

to the unplasticized GR00 blend, which is further shifted to a

higher cooling rate than GR00, with respect to the unique

drop-off of density observed in the unground blend RW5P.

Figure 7. Influence of cryogenic grinding on the solidification curve. Pure

components PET, PBT, and “ideal” model obtained by eq. 1, on a 60/40

w/w basis, are compared to the ground blends GR00 and GR5P and the

unground ones RW00 and RW5P, where 5P implies 5% w/w of PEGDME

plasticizer. All density values must be read on the left-hand axis except for

PET, which is reported on the right-hand axis. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]

Table II. The glass transition (Tg) and crystallization temperature (Tc)

Data from DSC and DMTA

Sample
Tg (8C)
DSC

Tg (8C)
DMTA

Tc (8C)
Ist Cool

Tc (8C)
2nd Cool

PBT 35 30 187 188

PET 76 74 210 210

GR00 45 45 195 187

GR5P 45 32 193 180

GR5D 45 36 193 183

Figure 6. Tan d from the DMTA scan for the blends and pure components.
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Grinding not only extends the range where crystallization

occurs, albeit slightly, but it also improves the description of the

solidification curve implying more accurate results.

The most significant extension of the crystallization range is, how-

ever, observed in Figure 7 after the addition of the plasticizers. In

the case of the plasticized and ground blend, GR5P, the first drop-

off of density, associated with the disappearance of crystallites of

PET separated by PBT, shifts to a larger cooling rate: from 10 K/s

for GR00 to about 40 K/s for GR5P. The synergy between plasti-

cizer action and grinding is shown by the extension of the crystal-

lization range before the onset of the amorphous phase, which

moves from about 50 K/s for GR00 to above 400 K/s for GR5P. In

this range, we attribute the onset of the crystalline phase to the

inclusion of both PET and PBT moieties in the crystalline phase,

as suggested by the broadened patterns of Figure 4 and explained

by the possible occurrence of large amounts of structural disorder

and in the absence of true three-dimensional long-range order.41

The pulverization process thus increases the specific surface area

of the components before mixing, improving the degree of disper-

sion and the plasticizing action.45

DISCUSSION AND CONCLUSION

The methodology adopted to study the solidification behavior

of blends of commercial and technological relevance gives access

to information not otherwise available by other solidification

methods. It describes the solidification behavior in terms of

macroscopic density versus the relevant cooling rate adopted,

the so-called “solidification curve.”19 Ancillary information is

collected point-wise from WAXD patterns, which, providing a

qualitative description of the crystalline phases formed, confirm

and complete the description of the solidification behavior in a

broad range of cooling conditions, comparable to those experi-

enced in polymer processing.

Most important from a technological viewpoint is the notion that

plasticizers extend the operating window of materials not otherwise

available to processing methods where drastic solidification condi-

tions are encountered, such as injection molding. Figure 1, however,

shows that there is a difference in their action because an oligomeric

plasticizer is more effective than a bulky one, leading us to speculate

and invoke mechanisms yet to be proven in this particular case.

In particular, it is known that low molar masses improve the

rheological behavior of polymer blends that are eventually added

or present due to the broad mass distribution. The mechanism

responsible for the extended solidification behavior could thus be

associated with the constraint release induced by low-molar-mass

species where the release rate of undiluted entanglements is accel-

erated by the diffusing diluent.46,47 In this context, we believe the

crystallization of polymer blends has itself important implications

for the mechanism of solidification, explaining the role of plasti-

cizers and justifying some observations not in line with the sec-

ondary nucleation mechanism of polymer crystallization.

Indeed, the mentioned miscibility of PET and PBT in the melt,5

confirmed in Figure 6 by the unique glass transition shown for

all of the blends studied, joined to the reported incompatibility

of the unit cells of PET and PBT, implies that a preliminary

step of demixing in the liquid before attachment to the

“different” growing crystalline phases must take place. Certainly

this step is rate determining, so if it takes place it does so to the

extent compatible with the cooling rate adopted. For example,

this step implies a separation of the two moieties at a scale

compatible with the crystalline stem length of each moiety fol-

lowed by attachment to the closer-growing compatible crystal-

line phase. This perspective is clearly incompatible with the

notion of entangled melts because their accumulation in the

non-crystalline domains upon solidification is itself a deterrent

to the onset of a crystalline phase. This observation is clearly

dependent on local mobility and therefore on time: if mobility

is enhanced by one of the mechanisms invoked previously, mas-

sive segregation can take place, determining a local fractionation

due to selective separation of the two moieties driven by the

onset of stable and optimized separate crystalline phases, whose

size is thermodynamically determined and which the crystalliza-

tion temperature.48 In this case, one observes well-separated crys-

talline peaks clearly attributed to the two incompatible

crystalline phases. However, such a situation should arise only

for low cooling rates, below the first density drop where PET

crystallization is responsible for the larger density. Above this

threshold, located at around 10 to 50 K/s, depending on plasti-

cizer content, it is plausible that another scenario takes place, as

shown by the broadened WAXD patterns well explained by

Corradini.41 There the concepts of crystallinity and crystals in

synthetic macromolecules are interpreted as a concomitant

occurrence of large amounts of structural disorder and in the

absence of true three-dimensional, long-range order. This con-

cept explains the unusual ability of polymers to crystallize even

in the presence of a high degree of structural disorder. In such a

situation, dichotomizing just for the sake of simplification, when

cooling rates are large and time is short, segregation does not

occur, and more disordered crystals form, as pointed out by the

broader WAXD peaks of Figures 3–5.

Segregation on polymer crystallization is known to occur in many

circumstances,49,50 all related to either long solidification times or

relatively small molar masses, which are eventually expelled from

the growing crystal phase as the molecular nucleation mechanism

prescribes.51 The mechanism is so effective that it can be used for

fractionation,52 and it is known to significantly affect mechanical

properties53,54 by reducing the density of entanglements.

In a previous work, some of the data presented here and from

the literature were compared with the ratio of two molar masses

as an index of local mobility during crystallization: the molar

mass between adjacent entanglements and that of a crystalline

stem.25 The ratio being large in PE, about 825, it allows, for low

molar masses, segregation to be effective even for high cooling

rates: the drop-off of density is not observed even above

1000 K/s.55 In the case of more rigid chain polymers like PET,

where the ratio barely reaches a value of 2, its sensitivity to the

addition of effective diluents on the solidification under proc-

essing conditions is dramatic, as the results presented in this

work show: PET, a low-cost polymer, barely crystallizable under

mild solidification conditions, becomes suitable to processing

even by injection molding by blending with PBT and through

the addition of low-molecular-weight species purposely added

as the oligomeric PEDGME plasticizer studied in this work.
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